a2 United States Patent

US010768847B2

ao) Patent No.: US 10,768,847 B2

Jenne 45) Date of Patent: Sep. 8, 2020
(54) PERSISTENT MEMORY MODULE AND (56) References Cited
METHOD THEREOF
U.S. PATENT DOCUMENTS
(71) Applicant: DELL PRODUCTS, LP, Round Rock, 6.052,789 A 4/2000 Lin
TX (US) 6,233,190 Bl 5/2001 Cooper et al.
7,062,618 B2 6/2006 T_sunoda et al.
(72) Inventor: John E. Jenne, Austin, TX (US) 7496,791 B2 22009 Tillman et al.
7,725,653 B2 5/2010 Long
8,762,643 B2 6/2014 Ishii
(73) Assignee: Dell Products, L.P., Round Rock, TX 9,003,118 B2 4/2015 Cherian et al.
(as) 9,170,932 B1  10/2015 Lo et al.
9,286,985 B2 3/2016 Kimura
(*) Notice: Subject to any disclaimer, the term of this lg’?gg’ggg E% liggig ‘;?g{;ﬁt ;1'31'
patent is extended or adjusted under 35 10:289: 177 B2 5/2019 Shabbir et al.
U.S.C. 154(b) by 1 day. 10,353,446 B2 7/2019 Lovicott et al.
10,387,306 B2 8/2019 Prasad et al.
(21) Appl. No.: 15/644,486 (Continued)
(22) Filed: Jul. 7, 2017 OTHER PUBLICATIONS
. A JEDEC Standard No. 2233-54, Byte Addressable Energy Backed
(65) Prior Publication Data Interface, Version 2.1, Main Memory: DDR4 & DDRS SDRAM,
US 2019/0012108 Al Jan. 10, 2019 Aug. 2015, pp. 1-130; https://www jedec.org/category/technology-
focus-area/main-memory-ddr3-ddr4-sdram.
(51) Int.ClL (Continued)
gzgﬁ ;jgz 888288 Primary Examiner — Reginald G Bragdon
GO6F 1/30 (2006.01) Assistant Examiner — Curtis James Kortman
(52) US. Cl ' (74) Attorney, Agent, or Firm — Larson Newman, LLP
CPC ........... GO6F 3/0647 (2013.01); GO6F 1/206 (57) ABSTRACT
(2013.01); GOGF 1/30 (2013.01); GO6F .
3/0619 (2013.01); GOGF 3/0653 (2013.01); A memory module, such as an NVDIMM receives access
GOGF 3/0685 (2013.01) requests from a master device at a memory port requesting
(58) Field of Classification S h ’ information from a volatile memory of the memory module.
ield of Classification Searc

CPC .......... GO6F 7/04; GO6F 1/30; GO6F 11/3058;
GOG6F 3/0647; GO6F 3/0653; GO6F
3/0685; GOGF 3/0619; GO6F 1/206; G11C
5/141; G11C 7/04; G11C 14/00-009;
G11C 11/4072
See application file for complete search history.

711

In response to receiving a save operation command at a
command port, such as during a power failure, the memory
module transfers the information stored at the volatile
memory to a nonvolatile memory of the memory module
based upon a programmable transfer rate.

20 Claims, 14 Drawing Sheets

722

MEMORY MODULE POWER DOWN CONTROLLER

721

POWER DOWN
ENABLE (PD-EN}
THERMAL BASED POWER/ENERGY
TIMING BASED TIMING
THERMAL CONTROLLER CONTROLLER

INFORMATICN

POWER

INFORMATION

A 4 A

727\ SAVE SIGNAL CONTROLLER

728~ SAVE OPERATION

TIMING

SAVE1

I SAVE2

Tar [N SAVES

42




US 10,768,847 B2

Page 2
(56) References Cited 2016/0048347 A1 2/2016 Rangarajan et al.
2016/0259649 Al 9/2016 Poomachandran et al.
U.S. PATENT DOCUMENTS 2016/0320971 Al* 11/2016 Postavilsky ........... GOG6F 3/0604
2016/0320995 Al* 112016 Warriner ............... GOG6F 3/0625
2006/0080515 Al 4/2006 Spiers et al. 2017/0052716 Al 2/2017 Jenne et al.
2007/0097569 Al 5/2007 Huang 2017/0052791 Al 2/2017 Jenne et al.
2008/0005474 Al 1/2008 Long 2017/0052794 Al 2/2017 Berke et al.
2009/0019243 Al* 1/2009 Hur .......cooeoevvrne. GO6F 1/3225 2017/0060697 Al 3/2017 Berke et al.
711/158 2017/0148514 Al* 52017 Lee .ooovivevevrnnnnn. GOG6F 3/0604
%883;82;}23 ﬁi | (l)gggg Isfrtqri ; 2017/0249091 Al 82017 Hodes et al.
mrichs, Jr.
5010/0005285 Al 12010 Vun 2017/0351448 Al  12/2017 Brown et al.
2010/0205348 Al* 82010 Moshayedi .............. Gl1C5/14
711/102
2012/0047320 Al*  2/2012 YOO ..ccoovviviinns GOG6F 3/0616 OTHER PUBLICATIONS
711/103
%81?‘; 8(1)31;‘% ﬁ} ‘7‘; %8 }431 Isékino ettali Jiang Lin et al., “Software Thermal Management of DRAM Memory
einer et al. . »
5015/0279463 AL* 10/2015 Berke ... G11C 5/04 for Multicore Systems”, Jun. 2008, ACM, SIG METRICS Perform.
711/105 Eval. Rev. vol. 36 Issue 1, pp. 337-348 (Year: 2008).
2015/0363272 Al* 12/2015 Zheng ............... GOGF 11/1456
714/19 * cited by examiner



U.S. Patent Sep. 8, 2020

Sheet 1 of 14

US 10,768,847 B2

TO TO
182130 180 110
| ) Y
SYSTEM SERVICE 120 PROCESSING COMPLEX
CONTROLLER 2
MEMORY CONTROLLER [N
183 185 184 124 122 DATA
4 Y PROCESSOR(S)
SAVE ALERT | 12C |!2C | C/A DQ
103\ 107 104
N M 105~ 152
106"\
30 102
SYSTEM
L C/IA_EX™] h.DQ_EXT POWER
NVDIMM ~ As138 SOURCE
140 142 OWEH
L «—
SAVE ALERT | I2C 156 w152
CIA_INT
143 145 L‘ DQ INT LI
144 j~ b1 D27 > BT D32
141 142 4 132 ~133
G 151 DO DO
NVM SAVE 153 157
CONTROLLER
DQ_VM C/IA_VM
/161
REGISTER BACKUP N150
DRAM POWER
C SOURCE
NVDIMM CONTROLLER 134
| cia_NvM DQ_NVM | TS 135
155
A 4
NON-VOLATILE MEMORY [ 136
NVDIMM

FIG. 1



U.S. Patent Sep. 8, 2020 Sheet 2 of 14 US 10,768,847 B2

230
VM 241
CIA_VM BUS
154 NVM SAVE
133 CONTROLLER
157
VOLATILE 261
MEMORY BUS
1538 157) o XFER RATE
DO
S D2 NVM BUS
{1 ] cant
DQ_INT TRANSEER AC_NVM o
o 2l Ioy = CONTROL I \om
DRAM . S
() 158 212
Ks D2 262~ i
DQ_VM \D,
153
132
263 BUFFER
231
INTERFACE/MODE CONTROLLER
DS M
124
DQ_EXT - SAVE
151
h\_ C/A_EXT
156
12~d™D
TO CONTROL TO
MEMORY BUS BMC
CONTROLLER 104 180

FIG. 2



U.S. Patent Sep. 8, 2020 Sheet 3 of 14 US 10,768,847 B2

302~ DETERMINE ENERGY/POWER
CHARACTERISTIC OF SYSTEM

I

304~ DEFINE ACCESS OF NVDIMM BASED
ON DETERMINED CHARACTERISTICS

lq

DETERMINE XFER RATE BASED ON TEMP
306\, INFORMATION, BASED ON TEMP NVDIMM
OTHER TEMP: HISTORIC INFORMATION

I

308 PROGRAM XFER RATE (DEFAULT RATE)

I

TRANSFER DATA FROM VOLATILE
TO NON-VOLATILE MEMORY

310

YES

312 REPEAT ?

FIG. 3



U.S. Patent Sep. 8, 2020 Sheet 4 of 14 US 10,768,847 B2

30 FROM
— ——— TEMPERATURE
4 SENSOR
L
FROM RATE NVM SAVE
TEMPERATURE UPDATE CONTROLLER
SENSOR ™~ 414 416
VM 1 THERMAL THROTTLING
CIA_VM BUS CONTROLLER
154 133 XFER RATE \'46?
157 NVM
VOLATILE 462 BUS
MEMORY BUS - AIC_NVM 10
(153 & 157)
Ty DO TRANSFER FLASH
D2 C/IA_INT CONTROL DQ_NVM
DQ_INT
TO 5 o Q
DRAM 50
(" \D , 158
DQ_VM 483~ BUFFER
= 132

431
[
INTERFACE/MODE CONTROLLER
DS N DS
144
DQ_EXT
151 12C SAVE
~_C/A_EXT
EXTERNAL 156
DRAM BUS ’\<:>\—142
TO
O CONTROL B
MEMORY BUS 180
CONTROLLER 104 -

FIG. 4



U.S. Patent Sep. 8, 2020 Sheet 5 of 14 US 10,768,847 B2

502 ~ DETERMINE ENERGY/POWER
CHARACTERISTIC OF SYSTEM

:

DEFINE ACCESS OF NVDIMM BASED
ON DETERMINED CHARACTERISTICS

504 ~_

THERMAL
THROTTLING
ENABLED?

NO

506

516

508 ~o
USE CURRENT READ TEMPERATURE SENSOR
XFER RATE l

510G DETERMINE XFER RATE

:

512N STORE TRANSFER RATE

YES

514 REPEAT

"o FIG. 5



U.S. Patent Sep. 8, 2020 Sheet 6 of 14 US 10,768,847 B2

680 600
BMC
POWER DOWN CONTROL 611
645 655
633 636‘ 643 L‘ 853 e
624 H l‘) e
- N S
Wi o Wi o 00 tid o
c |z 4 z 4 z 4
s = & = » =
607
" _—~ 617 P o
604 ~ 804 ~_ 627
w5 e | ¥ E 12C S
2c | = i Z i <
R w o Z z
NVDIMM NVDIMM NVDIMM
“ 4 4
630 631 632

FIG. 6



U.S. Patent Sep. 8, 2020 Sheet 7 of 14 US 10,768,847 B2
711
MEMORY MODULE POWER DOWN CONTROLLER
722 721
POWER DOWN
ENABLE (PD-EN)
THERMAL BASED POWER/ENERGY
TIMING BASED TIMING
THERMAL CONTROLLER CONTROLLER
INFORMATION
POWER
INFORMATION |
v
727\ SAVE SIGNAL CONTROLLER
728~ SAVE OPERATION
TIMING
I~ SAVE2
SAVE1 ~ 741 ~_ SAVE3
740 - 742

FIG. 7



U.S. Patent Sep. 8, 2020 Sheet 8 of 14 US 10,768,847 B2

FROM FROM
722 21
827
828
L
SO_START_1
.
SYSTEM SAVE OPERATION START / 810
INDICATOR MONITOR
SO_START 2
Z z z SO _START_ 3
5}I 8} ml
? @ 3
812
(N
oD EN OTHER
SAVE SIGNAL GENERATOR =
REFRESH 811

SAVE1 SAVE2 A SAVE3
S 741 742 S

FIG. 8



U.S. Patent Sep. 8, 2020 Sheet 9 of 14 US 10,768,847 B2
T1 T2 3
I I |
I | |
I I |
I I |
| I |
I | |
| I
gso~] 862 J |
SO1_EN —_———— |
|
853~ _ 863+ R
SO2EN e\ __ I
854~
SO3_EN
T T2 T3
SYSTEM I I I
INDICATOR N X
Y7
952 "4 | '
SO1_EN 963 964\,( I
953 l
SO2_EN |
954
SO3_EN ~




U.S. Patent Sep. 8, 2020 Sheet 10 of 14 US 10,768,847 B2

1080 1000
4
1012 1011
L Y
FAN POWER DOWN CONTROL
CONTROL
1020
1040
L
FAN
PWR NVDIMM 11} NVDIMM
1051 4030
L

SYSTEM POWER

BACK-UP POWER

FIG. 11



U.S. Patent Sep. 8, 2020 Sheet 11 of 14 US 10,768,847 B2

INFORMATION HANDLING
12024 SYSTEM BOOTS, BIOS BEGINS
POWER-ON SELF-TEST

v

1204 INITIALIZE MEMORY

v

1222

COMPLETE BOOT
AND CONTINUE
NORMAL OPERATION

INITIAL INFORMATION

HANDLING RESOURCES

1210 N\ TO APPLY CONDITIONS

IMPACTING SAVE

OPERATIONS OF NVDIMMS

v

1212 ~ EMULATE A POWER
LOSS MEMORY

v

1214 ~J] INITIATE A VM TO NVM DATA
TRANSFER OF A MEMORY

v

1216 ~| RECORD A STARTING TIME
OF SAVE OPERATION

I

1218 ~NJ START SAVE OPERATION

v

MEASURE AMOUNT
1220 N OF POWER OUTPUT
DURING SAVE OPERATION

¥
® FIG. 12

1206 CONFIGURATION

CHANGE?




U.S. Patent Sep. 8, 2020 Sheet 12 of 14 US 10,768,847 B2

122
N MEASURE MEMORY
MODULE TEMPERATURE
SAVE
1226 OPERATION Y

COMPLETE?

STORE INDICATION
1228 OF NO THERMAL
FAILURE

MM TEMP >
TEMP_MAX?

M\~1234

1230 STORE INDICATION
™~ OF TERMAL FAILURE

l<

TURN ON FAN AND COMPLETE
SAVE OPERATION IF NEEDED

1232~_

FIG. 13



U.S. Patent Sep. 8, 2020

1238~
RECORD ENDING TIME
OF SAVE OPERATION
12404 CALCULATE ENERGY REQUIRED
FOR SAVE OPERATION

SUFFICIENT

1242~0 BACK-UP

Sheet 13 of 14

ENERGY?

v

RECONFIGURE BASED
ON NEEDED ENERGY
REDUCTION

ALERT USER THAT NVDIMM
IS NOT SUPPORTED

©

1246~

FIG. 14

US 10,768,847 B2

CALCULATE THERMAL
REDUCTION NEEDED

™\ 1250

v

RECONFIGURE
BASED ON NEEDED
THERMAL REDUCTION

™\-1252




U.S. Patent Sep. 8, 2020 Sheet 14 of 14 US 10,768,847 B2
/ 1500
150a ?506‘ A 1514
N\ UsSB
MEMOR BUS
CPU N ™\-1508 1518‘ (= KEYBOARD
(=N use K=
1506
L = MOUSE
PC
1512~ g
NORTHBRIDGE/ ous 116
e v
CHIPSET
1524
i 1570 152& QLTJQA
HARD
1560~ Y <~ DRIVE
NVRAM = ATA D
A sios 1522~Jl—N cp ROM
SPI/I2C ‘L\ v G
BUS 1526
1572
1580 =y  VGA 1530
L
&= BMC
NETWORK
K= INTERFACE [N-1540
Vv
Cr':b WLAN . 1550
AV 4

FIG. 15




US 10,768,847 B2

1
PERSISTENT MEMORY MODULE AND
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

Related subject matter is contained in co-pending U.S.
patent application Ser. No. 15/644,475 entitled “Device and
Method for Implementing Save Operation of Persistent
Memory,” filed on Jul. 7, 2017, the disclosure of which is
hereby incorporated by reference.

Related subject matter is contained in co-pending U.S.
patent application Ser. No. 15/644,489 entitled “System and
Method of Characterization of a System Having Persistent
Memory,” filed on Jul. 7, 2017, the disclosure of which is
hereby incorporated by reference.

FIELD OF THE DISCLOSURE

This disclosure generally relates to information handling
systems, and more particularly relates to the transfer of data
from a volatile memory of a memory module to a non-
volatile memory of the memory module.

BACKGROUND

As the value and use of information continues to increase,
individuals and businesses seek additional ways to process
and store information. One option is an information han-
dling system. An information handling system generally
processes, compiles, stores, or communicates information or
data for business, personal, or other purposes. Technology
and information handling needs and requirements can vary
between different applications. Thus information handling
systems can also vary regarding what information is
handled, how the information is handled, how much infor-
mation is processed, stored, or communicated, and how
quickly and efficiently the information can be processed,
stored, or communicated. The variations in information
handling systems allow information handling systems to be
general or configured for a specific user or specific use such
as financial transaction processing, airline reservations,
enterprise data storage, or global communications. In addi-
tion, information handling systems can include a variety of
hardware and software resources that can be configured to
process, store, and communicate information and can
include one or more computer systems, graphics interface
systems, data storage systems, networking systems, and
mobile communication systems. Information handling sys-
tems can also implement various virtualized architectures.
Data and voice communications among information han-
dling systems may be via networks that are wired, wireless,
or some combination.

SUMMARY

The use of persistent memory in some information han-
dling systems can be important to preserve information in
the event of a power failure. One type of persistent memory
is known as a Non-volatile Dual In-line Memory Module
(NVDIMM), which is a memory module that stores infor-
mation at a volatile memory during normal operation to
maintain high data transfer rates between a requesting
master, and saves information from the volatile memory to
a non-volatile memory of the memory module when a power
failure is detected to maintain persistence of the information.
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A memory module, such as an NVDIMM, processes
memory access requests, from a memory controller of a host
processor, for information stored at a non-volatile memory
location. During normal operation, the memory module also
receives commands from the memory module that refresh
the non-volatile memory when the non-volatile memory is a
DRAM. In response to being notified of a power failure, the
host processor transfers the contents of its cache, for
example, to the NVDIMM, and places the NVDIMM in a
self-refresh mode of operation. Once the NVDIMM is in self
refresh mode, it can be isolated from the memory controller
and be powered from a backup power source, thus main-
taining the information stored at its non-volatile memory.
While in self-refresh mode, a control module can provide a
save operation indicator via a side bus to have the memory
module initiate a save operation during which the informa-
tion from its volatile memory to a non-volatile memory of
the memory module. The command provided to the
NVDIMM to implement the save operation can be associ-
ated with a three-pulse save operation, wherein a third of
three provided pulses causes the NVDIMM to implement
the save operation. The timing of the save operations can,
therefore, be delayed by controlling when the third pulse is
provided. For example, the control module can delay when
the save operation indicator is provided to ensure a system
specification, such as power consumption or temperature, is
maintained. The save operations of different NVDIMMs can
be initiated at different times providing separate save signals
having the respective timing of their third pulse staggered.
This may cause the NVDIMMs to initiate their save opera-
tions at different times, which can be useful to reduce power
maximum power consumption of a system having multiple
NVDIMMs.

In another embodiment, the NVDIMM may communicate
with a control module via an external port having one or
more interconnects. In response to receiving a command
from the control module to implement a save operation, the
memory module transfers information from its volatile
memory to its non-volatile memory at a rate that is based
upon a programmable transfer rate indicator to ensure infor-
mation stored at the volatile memory can be restored after
the memory module has been shut down. The programmable
transfer rate indicator can be programmed by the master
device or by the memory module itself, such as in a
closed-loop manner, to limit a rate at which heat is dissipated
into the system.

Systems having NVDIMMs can be characterized to deter-
mine the effects of the power usage and thermal output on
the system. The characterized power and thermal informa-
tion can be used to modify the manner in which the
NVDIMMs implement their save operations in order to
control power and thermal output during a given time.

BRIEF DESCRIPTION OF THE DRAWINGS

It will be appreciated that for simplicity and clarity of
illustration, elements illustrated in the figures have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements are exaggerated relative to
other elements. Embodiments incorporating teachings of the
present disclosure are shown and described with respect to
the drawings presented herein, in which:

FIG. 1 is a block diagram illustrating an information
handling system that includes a memory module according
to an embodiment of the present disclosure;
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FIG. 2 is a block diagram illustrating a portion of the
memory module of FIG. 1 according to an embodiment of
the present disclosure;

FIG. 3 is a flowchart illustrating a method for storing
modified data to a non-volatile memory on an NVDIMM
during a save data operation according to an embodiment of
the present disclosure;

FIG. 4 is a block diagram illustrating a portion of the
memory module of FIG. 1 according to an embodiment of
the present disclosure;

FIG. 5 is a flowchart illustrating a method for storing
modified data to a non-volatile memory on an NVDIMM
during a save data operation according to an embodiment of
the present disclosure;

FIG. 6 is a block diagram illustrating an information
handling system that includes a memory module according
to an embodiment of the present disclosure;

FIG. 7 illustrates an embodiment of a portion of the
information handling system of FIG. 6;

FIG. 8 illustrates an embodiment of a power-down con-
troller that is a portion of FIG. 7;

FIG. 9 illustrates a timing diagram of the operation of the
information handling system of FIG. 6;

FIG. 10 illustrates a timing diagram of the operation of the
information handling system of FIG. 6;

FIG. 11 is a block diagram illustrating an information
handling system that includes a memory module and a fan
subsystem according to an embodiment of the present dis-
closure;

FIGS. 12-14 are flow diagrams illustrating a method in
accordance with the present disclosure.

FIG. 15 is a block diagram illustrating a generalized
information handling system according to an embodiment of
the present disclosure.

The use of the same reference symbols in different draw-
ings indicates similar or identical items.

DETAILED DESCRIPTION OF DRAWINGS

The following description in combination with the Fig-
ures is provided to assist in understanding the teachings
disclosed herein. The description is focused on specific
implementations and embodiments of the teachings, and is
provided to assist in describing the teachings. This focus
should not be interpreted as a limitation on the scope or
applicability of the teachings.

FIG. 1 illustrates portions of an information handling
system 100. Information handling system 100 can include
any instrumentality or aggregate of instrumentalities oper-
able to compute, classify, process, transmit, receive, retrieve,
originate, switch, store, display, manifest, detect, record,
reproduce, handle, or utilize any form of information, intel-
ligence, or data for business, scientific, control, entertain-
ment, or other purposes. For example, information handling
system 100 can be a personal computer, a laptop computer,
a smart phone, a tablet device or other consumer electronic
device, a server, a network storage device, a switch router or
other network communication device, or any other suitable
device and may vary in size, shape, performance, function-
ality, and price. Further, information handling system 100
can include processing resources for executing machine-
executable code, such as a central processing unit (CPU), a
Programmable Logic Array (PLA), an embedded device
such as a System-on-a-Chip (SoC), or other control logic
hardware. Information handling system 100 can also include
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one or more computer-readable medium, in addition to
NVDIMM 130, for storing machine-executable code, such
as software or data.

The illustrated portion of information handling system
100 includes a processing complex 110, a baseboard man-
agement controller 180, a Non-volatile Dual In-line Memory
Module (NVDIMM) 130, a system power source 152, a
backup power source 150, and other devices, such as a
system service controller 180. Capabilities and functions
provided by system service controller 180 can vary based on
the type of information handling system, and can included
multiple components. For example, the system service con-
troller 180 can include a base board management controller
(BMC) that is an embedded processor that manages various
aspects of the various boards. Thus, as disclosed herein, a
BMC represents a processing device different from CPU
processing complex 110 that can provide various manage-
ment functions for information handling system 100. In
addition to a BMC, the system service controller 180 can
include an application specific device, such as a CPLD, to
implement management functions not appropriate for han-
dling by the CPLD, such as management functions that need
to happen in a time critical manner. For example, the CPLD
may be responsible for handling various functions related to
power management, cooling management, remote server
management, error handling, and the like. The system ser-
vice controller 180 includes a control port 184, which is
illustrated to be an 12C type port, a SAVE port 183, and an
ALERT port 185.

The processing complex 110 can include a memory
controller 120 and one or more other processing cores 112.
Processing complex 110 can represent circuitry that includes
hardware, software, firmware, and other circuit elements
associated with the performance of the processing tasks
associated with an information handling system. As such,
processing complex 110 may be understood to include one
or more data processors or processing cores, one or more
input/output (I/0) devices such as processor, memory, or [/O
controller hub, memory including random access memory
(RAM) and read-only memory (ROM), mass data storage
devices, video processors, network interface devices, or
other devices typical to an information handling system, as
needed or desired. In a particular embodiment, the process-
ing complex 110 represents a motherboard, such as a server
board that can be populated with one or more NVDIMMs
130. In addition the processing complex 110 can be a master
device relative to the memory modules described herein and
of the side bus 104 as described in greater detail herein.

Memory controller 120 represents a circuit portion of
processing complex 110 that can act as a master relative to
NVDIMM 130, by virtue of managing the flow of data
between the processing complex 110 and the DRAM portion
of one or more NVDIMMs connected to the processing
complex 110, including NVDIMM 130. It will be appreci-
ated that the NVDIMMs referenced in the present disclo-
sure, including NVDIMM 130, are a specific type of
memory module referred to as an NVDIMM-N by virtue of
their having a volatile memory from which a master can
access information at a high rate, and a non-volatile memory
to which during a save operation the module can store
information from its volatile memory to maintain persis-
tence of the information. The term “save operation” as used
herein when used in the context of a memory module, such
as NVDIMM 130, is intended to refer to the process of the
memory module saving information from its volatile
memory to its non-volatile memory at the request of a master
device for the purpose of being restored from non-volatile
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memory to volatile memory at a later time. While the present
disclosure describes memory modules in the context of an
NVDIMM, which are understood to be NVDIMM-N mod-
ules, it will be appreciated that memory modules other than
DIMMs can be implemented in configurations other than
dual in-line configurations, so long as they transfer infor-
mation from a volatile to non-volatile memory as described
herein. For example, the memory module described could be
integrated onto a processing complex, and accessed by one
or more master devices also integrated at the processing
complex.

As illustrated, memory controller 120 includes a memory
port 122, and a control port 124. Memory port 122 has
control/address and data ports labeled C/A and DQ, respec-
tively, that are connected to NVDIMM 130 via a primary
data access memory bus 102. Control port 124 is connected
to NVDIMM 130 and system service controller 180 via a
side bus 104 and is presumed to be an 12C compatible port,
which is a well know serial bus, though other control buses
can be used. For ease of description, the same label that is
used to refer to a port can also be used herein to refer to the
bus connected to that port, and to the information transmit-
ted over the data bus. For example, it will be appreciated that
the primary data access memory bus 102 includes a data bus
portion 105 that can be referred to as data bus DQ, and a
control/address bus portion 106 connected to ports DQ and
C/A, respectively, of the memory port 122 of controller 120.

NVDIMM 130 includes an NVDIMM controller 140, a
volatile memory 134, also referred to herein by way of
example as a DRAM, non-volatile memory 136, which can
be a flash type memory, a data bus switch 132, and control/
address bus switch 133, a power terminal connected to the
system power source 152, and a power terminal connected
to the backup power source 150.

NVDIMM controller 140 has a memory port 142, a
memory port 143, a control port 144, a save port 143, and
an alert port 145. The memory port 142 communicates with
the DRAM 134, and includes a data port, DQ_INT, con-
nected to a port D1 of switch 133, and an address/control
port, C/A_INT, connected to a port D2 of switch 134. The
memory port 143 communicates with the non-volatile
memory 136, and includes a control/address port C/A_NVM
and a data port DQ_NVM. Control port 144 is presumed to
be an 12C port and is connected to the side bus 104. Port 143,
labeled SAVE, is connected to the save port of system
service controller 180 via a bus 103, port 145, labeled
ALERT, is connected to the alert port 185 of the system
service controller.

Switch 132 includes a data port D2 that is connected to the
port DQ of the memory controller 120 via bus 105
(DQ_EXT), and a data port DO connected to the data port
DQ_VM of the DRAM 134. Thus, when port D2 is selected
during normal operation, switch 132 is part of a communi-
cation path that communicates information between the data
port of memory controller 120 and the data port of DRAM
134 that includes external data bus portion 105, and local
data bus portions 152 and 153. When port D1 is selected
during a save operation, switch 132 is part of a communi-
cation path that communicates information between the data
port of the NVDIMM controller 140 and the data port of
DRAM 134 that includes local data pus portions 151 and
153.

Switch 133 includes a data port D2 that is connected to the
port C/A of the memory controller 120 via internal bus 156,
and external bus 106 (C/A_EXT), and a data port DO
connected to the port C/A_VM of the DRAM 134. Thus,
when port D2 is selected during normal operation, switch
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133 is part of a communication path that communicates
information between the control/address port of memory
controller 120 and the control/address port of DRAM 134
that includes external data pus portion 105, and local data
pus portions 156 and 157. When port D1 is selected during
a save operation, switch 133 is part of a communication path
that communicates control/address information between the
control/address port of the NVDIMM controller 140 and the
data port of DRAM 134 that includes local data pus portions
154 and 157.

During normal operation, memory controller 130 issues
memory access requests to NVDIMM 130 to access infor-
mation from DRAM 134. The access requests include pro-
viding command and address information via port C/A of the
memory controller 120 to port C/A of the switch 133 to
implement read requests, write requests, and to refresh the
DRAM 134. For example, in response to receiving a read or
write request from memory controller 120 during normal
operation switches 132 and 133 are configured by the
NVDIMM controller 140 to selectively communicate infor-
mation between their respective D2 and D0 ports. Thus, in
response to receiving the control/address information from
the memory controller 120, the DRAM 134 provides or
receives data at its data port (DQ_VM) that is communicated
to, or from, the data port DO of switch 132.

By way of example, system service controller 180 is
presumed to be configured to determine when a system
power failure has occurred. For example, the CPLD of
system service controller 180 can monitor a plurality of
power OK (POK) from a corresponding plurality of power
supplies making up the system power source 152 to deter-
mine if there is a sufficient number of operational power
supplies to ensure proper system operation. In an embodi-
ment, the minimum number of power supplies needed by the
system can be determined by the BMC during configuration
of the system and programmed to the CPLD. In response to
determining a power failure condition, the CPLD can notify
the processing complex 120. For example, according to an
embodiment, the processing complex 120 can include a
Platform Control Hub (PCH), as used with Intel-based
processors, to which the CPLD sends a signal to trigger
Asynchronous DRAM Refresh (ADR). In response, the
PCH will notify the processing complex 110 to flush its
caches, and other volatile information, to NVDIMM 130 in
anticipation of losing power After processing complex 110
has finished flushing desired information to the NVDIMM
130, the processing complex 110, in conjunction with the
memory controller 120, can place the NVDIMM 130 in
self-refresh mode, which allows subsequent isolation of the
NVDIMM 130 from the memory controller 120. Subse-
quently, the processing complex can be shutdown.

After the processing complex has placed the NVDIMM
130 in self-refresh mode, the CPLD of system service
controller 180 can provide a self-refresh indicator to the
NVDIMM controller 140 that indicates the NVDIMM 130
is in self refresh mode. It will be appreciated that the manner
in which the system service controller 180 determines the
NVDIMM 130 is in self-refresh can vary. For example, the
PCH can maintain a fixed timer that is sufficiently long to
know all data as been stored to NVDIMM 130, and provide
an indictor to the CPLD after the timer has expired. In other
embodiments, CPUs of the processing complex can affir-
matively notify the CPLD when NVDIMM 130 is in self-
refresh.

According to an embodiment, the self-refresh indicator
can include the first two pulses of three pulses generated
during a three-pulse SAVE Trigger Mode as specified by the
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JEDEC Standard No. 2233.54, and provided via the SAVE
bus 104, wherein the second of the first two pulses causes
NVDIMM controller 140 to isolate NVDIMM 130 from the
bus 102 by configuring switches 132 and 133 to communi-
cate control/address and data information to DRAM 134
from the NVDIMM controller 140. In addition, the
NVDIMM controller 140 can configure power switch 138 to
receive power from the backup power source 150 instead of
from the system power source, in response to receiving the
self refresh indicator. It will be appreciated, that the system
service controller 180 will also be powered by the backup
power source 150 subsequent to loss of power from the
system power source 152.

Next, the system service controller 180 can generate a
save operation indicator that results in the NVDIMM 130
being notified to perform a save operation. The save opera-
tion indicator can be the third of the three pulses described
by the JEDEC three-pulse save of the above referenced
JEDEC standard. The term “JEDEC three-pulse save” as
used herein is intended to refer to the features of the
three-pulse save trigger mode of the JEDEC Standard No.
2233.54.

In a particular embodiment, backup power source 150
represents a battery device that powers NVDIMM 130 and
any other NVDIMM devices of information handling system
100, as needed or desired, in order to conduct the runtime
save operation on the information handling system that
enables persistence of the NVDIMM 130. In another
embodiment, power source 150 represents one or more
super-capacitors that are configured to provide power to
NVDIMM 130 and other NVDIMM devices of information
handling system 100, as needed or desired, in order to
conduct the runtime save data operation on the information
handling system.

As the number of NVDIMMs used in information han-
dling system increases, and as the use of NVDIMMs
becomes more popular, the amount of energy that needs to
be provided by the backup power source 150 can increase.
Similarly, the amount of power needed from the backup
power source 15 increases as a greater number of
NVDIMMs implement concurrent save operations. The
need for power and energy reduction techniques to facilitate
an increased number of NVDIMMs has been recognized.

For example, it has been proposed to monitor which
information stored in DRAM 134 of an NVDIMM has been
modified since being stored in non-volatile memory 136,
and to only transfer this information to non-volatile memory
136 during a save operation, thus reducing the energy and
power required by the NVDIMM. Thus information han-
dling system 100 can operate to monitor data usage on
NVDIMM 130 to determine which data stored at volatile
memory 134 has been modified since being last saved to
non-volatile memory 136. In an embodiment, processing
complex 110, which can represent a specific server board of
a rack of server boards can determine which rows of data in
the volatile memory 134 have been modified since a previ-
ous save data operation has occurred an the NVDIMM 130.
Then, when a next save data operation is initiated at the
NVDIMM, this information can be used by the NVDIMM
so that only the rows with modified data are stored to the
non-volatile memory device. In this way, the energy demand
on NVDIMM power source 150 can be reduced. It has also
been proposed to determine, such as during an initialization
process, an amount of energy and power needed by an
information handling system, and configure the system
based upon this information to ensure sufficient energy and
power is available from the backup power source 150. For
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example, processing complex 110 can disable NVDIMMs
from being used as persistent memory during normal opera-
tion if it is determined there is not sufficient power or energy
available from the backup power source to ensure persistent
data integrity of a save operation.

While various power and energy saving techniques have
been proposed that ensure sufficient power and energy is
available ensure completion of a save operation, it has been
observed by the inventors that merely ensuring sufficient of
power and energy to the NVDIMMs during a save operation
may not sufficient to guarantee persistence of the informa-
tion stored at the DRAM of an NVDIMM. For example, it
has been realized by the inventors that even when sufficient
backup power and energy is available during a power
failure, the amount of heat generated by the NVDIMMs
during the save operation may exceed the thermal require-
ments of the system, and in particular of the NVDIMMs
themselves. This can be especially problematic when one or
more cooling techniques of an information processing sys-
tem is compromised during power failure, such as can be
found in data center applications that include server cabinets
having multiple server boards.

To address this problem, the NVM save controller 141 can
be configured according to an embodiment to limit the rate
of thermal output of the NVDIMM 130 during a save
operation. According to such an embodiment, the rate of
thermal output is controlled by changing the rate at which
information is transferred from volatile memory 135 to
non-volatile memory 136 during a save operation. For
example, an indicator of the desired transfer rate can be
stored at a storage location of the NVDIMM, such as at
register 161. The transfer rate indicator can be based upon
one or more temperature readings from a thermal sensor 135
of the NVDIMM. Thermal sensor 135 can be located at
various locations of the NVDIMM 130, or based upon
temperature information from sensors external the
NVDIMM, for example, the temperature sensor can reside
near the non-volatile memory of the memory module as the
non-volatile memory is more susceptible to failure at
increased temperature. It will be appreciated that multiple
temperature sensors can be used and monitored. For
example, thermal sensors can be placed in close proximity
to components known to be particularly sensitive to heat,
such as near specific portions of the non-volatile memory
136, the NVM save controller 141, and the like. Particular
implementations of NVM save controller 141 will be better
understood with reference to FIGS. 2-6.

FIG. 2 illustrates a portion of an NVDIMM 230 that can
be an embodiment of the NVDIMM 130 of FIG. 1.
NVDIMM 230 illustrates switch 132 as previously
described, an NVM save controller 241, and an interface/
mode controller 231. NVM save controller 241 includes a
transfer controller 262, a register 261, and a buffer 263. Ports
of' the interface/mode controller 231 include control port 144
connected to control bus 104, save port 143 connected to bus
103. During normal operation, the interface/mode controller
231 will configures switches 132 and 133 to communicate
data between their respective ports D0 and D2, allowing the
memory controller 120 to access the RAM 134. In response
to receiving a refresh indicator from the system service
controller 180, which indicates the NVDIMM 130 is now in
self-refresh mode, the interface/mode controller will con-
figure the switches 132 and 133 to communicate data
between their respective ports DO and D1, allowing the
NVM save controller 241 to access the RAM 134, thus
isolating the RAM 134 from the memory controller 120. The
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interface/mode controller 231 can also configure power
switch 138 to provide power to the NVDIMM 130 from the
backup-power source 150.

NVM save controller 241 has a memory port that is
connected to the nonvolatile memory 136 via a bus 155
labeled “NVM BUS” that includes a data port, DQ_NVM,
and an address/control port, A/C_NVM. NVM save control-
ler 241 has another memory port connected to switches 132
& 133 via a bus 157 labeled “VM BUS” that that includes
a data port, DQ_INT that is connected to port D1 of switch
132, and an address control port, C/A_INT, connected to
port D1 of switch 133.

Once the NVDIMM 230 has been isolated from the
system power bus 152, and is operating under backup power,
the transfer controller 262 generates separate address and
control signals for each of the DRAM 134 and nonvolatile
memory 136 to transfer data information from the DRAM to
the nonvolatile memory at a rate based upon the value XFER
RATE, which is stored at the register storage location 261.
According to an embodiment, the value XFER RATE is
externally stored by a master device, such as the processing
complex 110, or the system service controller 180 via the
12C bus 104, or by the memory controller 120 during normal
operation. According to another embodiment, described
below, the XFER RATE can be determined dynamically by
the NVDIMM-N By controlling the data transfer rate during
a save operation, the rate at which heat is generated by the
NVDIMM 230 can be controlled.

In an embodiment, the register 261 can be externally
programmed via the 12C port prior to and during a save
operation of the NVDIMM 230. That is, the I12C port 144 of
the NVDIMM 130 can remain in communication with a
master device, e.g., the system service controller 180, under
backup power during a save operation. In such an embodi-
ment, the master can repeatedly update the value XFER
RATE during the save operation to change the rate of heat
dissipation, as needed. The updated value can be based upon
temperature information from the temperature sensor 135 of
the NVDIMM 230, which can be transmitted to the master
through the 12C port 124, or from temperature information
obtained from a location external the NVDIMM 230. In
another embodiment, the 12C port 144 does not remain in
communication with the motherboard during a save opera-
tion, in which case a master could only write the value
XFER RATE to register 261 prior to initiation of the save
operation. In such an embodiment, the value of XFER RATE
could be determined by the motherboard based upon current
or historical empirical information

According to an embodiment, during the save operation,
the transfer controller 263 can temporarily store data
received from the DRAM in buffer 263 before sending the
data to the NVM memory 136. Alternatively, the data can be
provided directly to the NVM memory 136 without being
buffered. The transfer rate based upon the value XFER
RATE can be implemented by inserting delays between the
read and write commands from the from the transfer con-
troller 262 to one or both of the DRAM and the non-volatile
memory. For example, a read command that causes the
DRAM to drive data onto bus D_VM, or a write command
that causes the non-volatile memory to receive data from bus
D_NVM, can occur at a rate based upon the value XFER
RATE. It will be appreciated that the objective of using the
value XFER RATE is to control thermal output to ensure
operation within appropriate thermal requirements, and not
to ensure availability of power or energy.

FIG. 3 illustrates a method in accordance with an embodi-
ment of the present disclosure that can be implemented on
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a system including the embodiment of FIG. 2. At block 302,
one or both of an energy or power characteristic of the
system can be obtained and analyzed to determine if there is
sufficient power and energy available in a current configu-
ration to perform the needed save operations by NVDIMM;s
of the system during a power failure. According to an
embodiment, this determination is based upon the configu-
ration of the actual system that includes the NVDIMMs, as
described below, and therefore, its results can vary depend-
ing upon the number of NVDIMMs installed in the overall
system 100.

At block 304, the manner in which the NVDIMMSs of
system 100 are configured for use is defined by the system
100 based upon the energy/power characteristics determined
at block 302 to ensure sufficient energy and power is
available. For example, if it is determined that the maximum
power needed by the NVDIMMs by a current configuration
of the system is too great to ensure proper operation of
simultaneous save operations during an initial period, the
system can configure the NVDIMMs to have delayed save
operations, thus reducing the maximum power needed. In
another embodiment, the maximum power needed can be
reduced by configuring the system so that some of the
NVDIMMs are not used.

At block 306, a transfer rate to be implemented at one or
more NVDIMMSs during a save operation is determined by
the system based upon temperature information. The tem-
perature information can include historical temperature
information that indicates whether the amount of heat gen-
erated by save operations of the NVDIMMs of a particular
system can result in thermal conditions exceeding levels
beyond which proper operation of the NVDIMM, or other
component, can be guaranteed. Note that failure based upon
a thermal specification can occur even when there is a
guarantee of sufficient power and energy available to the
NVDIMMs to perform full-speed simultaneous save opera-
tions.

In an embodiment, historical information can be used to
determine an acceptable rate of heat generation by each
NVDIMM of the system to ensure none of the components
of the system, and in particular the NVDIMMs, overheat. A
data transfer rate to be implemented by each NVDIMM of
the system that corresponds to a desired rate of heat gen-
eration of that NVDIMM can then be stored by the system
at each one of the NVDIMMs. It will be appreciated, that the
rate at which heat is generated by an NVDIMM due to the
transfer of data is effectively linear with the transfer rate.

In another embodiment, the temperature information used
to determine the transfer rate can include current tempera-
tures that can be received from one or more of the
NVDIMMs themselves, via a control port, for example, or
from other system locations. Such current temperature infor-
mation can be periodically gathered, and used to facilitate
dynamic adjustments to the transfer rate.

At block 308, the determined transfer rate is stored at the
register location. For example, a master device to the
NVDIMM can provide information to a control port of the
NVDIMM that indicates a particular transfer rate value is to
be stored at the NVDIMM. According to an embodiment,
the control port remains active during a save operation, thus
allowing a master device that remains powered while other
portions of the system are powered-down to receive infor-
mation from, and provide information to, the NVDIMM
during a power failure. In such an embodiment, the stored
transfer rate indicator can be updated during the save
operation. The transfer rate saved at an NVDIMM can be
calculated using various calculations, including a propor-
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tional-integral-derivative (PID) calculation as implemented
by PID control circuitry. In an alternate embodiment, the
control port does not remain active during a save operation,
such as when the control port is not powered during a power
failure, in which case, the register storing the transfer rate is
programmed prior to the NVDIMM being powered by the
backup power source.

At block 310, a transfer controller of the NVDIMM
transfers information from volatile memory storage to non-
volatile memory storage during a save operation based upon
the stored transfer rate At block 312, it is determined
whether the value XFER RATE should be recalculated, and,
if so, flow returns to block 306. Otherwise, the NVDIMM
continues to perform the save operation using the current
XFER RATE value, and the flow of FIG. 3 can terminate.

FIG. 4 illustrates a portion of a NVDIMM 430 that can be
an embodiment of the NVDIMM 130 of FIG. 1. Various
portions of NVDIMM 430 that similar to those previously
discussed with reference to FIG. 2 are similarly labeled. In
addition, NVDIMM 430 illustrates an NVM save controller
441, and an interface/mode controller 431. NVM save
controller 441 can be an embodiment of the NVM save
controller 141 of FIG. 1, and includes a rate update con-
troller 414 associated with registers 419, a thermal throttling
controller 416 associated with register 461, a transfer con-
troller 462, and a buffer 463. Transfer controller 462 and
buffer 463 can operate in the same manner as the transfer
controller 262 and buffer 263 of FIG. 2. During operation,
the rate update controller 414 can receive temperature
information from one or more temperature sensors including
temperature sensor 135. The temperature information can be
used by the rate update controller 414 to determine a next
XFER RATE value to be stored in register 461 that will
replace the current XFER RATE value, and thus becoming
the current XFER RATE. How frequently the XFER RATE
is to be updated can be based upon a period indicator stored
at register 419. For example, a period indicator can specify
how often that the temperature sensor 135 is to be evaluated,
and the value XFER RATE updated. By periodically updat-
ing the transfer rate indicator based upon a temperature of
the NVDIMM, a closed-loop feedback system is created that
can control the thermal output rate of the NVDIMM. This
process can be referred to as thermal throttling.

The circuitry of the rate update controller 414 can deter-
mine the XFER RATE value based upon any number of
conventional or proprietary techniques. For example, a
desired temperature or a desired temperature range can be
stored at the register 419 that is used by the rate update
controller 414 to determine a new XFER RATE value
needed to maintain the desired temperature. According to an
embodiment, a look-up table corresponding to the specified
temperature can be used to determine a new XFER rate
based on a current temperature. For example, entries corre-
sponding to various temperatures of sensor 135 can be
maintained at the NVDIMM 430 along with corresponding
XFER RATE values that can be retrieved for its correspond-
ing temperature entry, for a difference in current and next
temperature value, historical temperature information and
the like. The rate update controller 414 can alternatively
include circuitry to calculate the XFER RATE based upon
PID control theory using historical temperature information
and the desired temperature information. It will be appreci-
ated that the desired temperature information can be pro-
grammable by the master, fixed, and the like.

According to an embodiment, the XFER RATE value at
register 461 can also be read and write accessible from a
master, such as system service controller 180. In another
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embodiment, the XFER RATE value at register 461 is not
write accessible by the master, in which case the transfer rate
of the save operation of the NVDIMM is not based infor-
mation from the master. In another embodiment, the master
can set a maximum transfer rate within which the NVDIMM
operates. Use of the rate update controller 414 to determine
and set the XFER RATE value can be enabled by an enable
indicator stored at register 419, wherein, when the enable
indicator is asserted, thermal closed-loop thermal throttling
by the NVDIM 430 is enabled, wherein the value XFER
RATE is provided by the rate update controller 414 upon the
temperature received from temperature sensor 135. Other-
wise, a default XFER RATE value is used, which may be a
maximum value, or a value less than a maximum value, or
a previously stored value, and the like. As previously
mentioned, when enabled, the value XFER RATE can be
updated periodically, such as based upon a period value
stored at the register 369.

FIG. 5 illustrates a method in accordance with an embodi-
ment of the present disclosure that can be implemented on
a system including the embodiment of FIG. 4. At block 502,
one or both of an energy and power characteristic of the
system can be determined as previously described with
reference to block 302 of the method of FIG. 3. At block
504, the manner in which the NVDIMMs of system 100 are
accessed is defined at system 100 based upon the energy/
power characteristics as previously described with reference
to block 304 of FIG. 3.

At block 506, it is determined whether thermal throttling
by the NVDIMM is to be enabled during a save operation.
In an embodiment, closed-loop thermal throttling is enabled
when an enable indicator stored at a register of the
NVDIMM is asserted, in which case flow proceeds to block
508. Otherwise, closed-loop thermal throttling is disabled
when the enable indicator is negated, and flow proceeds to
block 516. According to an embodiment, the enable indica-
tor can be programmed from a master device, such as by
system service controller 180 via the 12C port.

At block 508, in response to closed-loop thermal throt-
tling being enabled, a temperature indicator of a temperature
sensor is read by a controller of the NVDIMM. At block 510,
the temperature indicator is used by the NVDIMM control-
ler to determine a transfer rate. The transfer rate indicator
can be based upon any number of known or proprietary
techniques as previously described herein. At block 512, a
transfer rate indicator is stored at a register of the NVDIMM
that is used by the NVDIMM to control the transfer rate. At
block 514, it is determined whether the closed-loop opera-
tion is to continue. For example, it can be determined
whether a save operation of the NVDIMM has completed. If
not, and closed-loop operation is to continue, flow returns to
block 508, where another temperature indicator is obtained
and the transfer rate adjusted, as needed. Otherwise, closed-
loop operation ends.

If at block 506 it is instead determined that the NVDIMM
is not to operate in a closed-loop mode during a save
operation, flow proceeds to block 516. At block 516, a
current value of the transfer rate indicator at the register of
the NVDIMM that controls the transfer rate, or a default
value, is used, and maintained, as the current transfer rate.
For example, the current value can be based upon a default
value that is used when closed-loop operation is not enabled.
In an embodiment, the current value can be based upon a
value that was externally or internally programmed at the
register.

FIG. 6 illustrates an embodiment of an information han-
dling system 600 that includes a specific embodiment of a
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system service controller 680, an NVDIM 630, an
NVDIMM 631, and an NVDIMM 632. The system service
controller 680, can be an embodiment of the system service
controller 180 previously described, and includes an 12C
port 624, save ports SAVE1 633, SAVE2 643, and SAVE3
653, alert ports ALERT1 635, ALERT?2 645, AND ALERT4
655. Each of NVDIMMs 630-632 include an 12C port
connected to the 12C port of the system service controller
680 via a bus 604. NVDIMM 630 includes a save port
connected to the SAVE] port 633 of system service con-
troller 680, and an alert port connected to the ALERT1 port
635. NVDIMM 631 includes a save port connected to the
SAVE2 port 643 of system service controller 680, and an
alert port connected to the ALERT?2 port 645. NVDIMM 632
includes a save port connected to the SAVE3 port 653 of
system service controller, and an alert port connected to the
ALERTS3 port 635.

During operation, in response to receiving a power-down
indicator, such as during a power fail condition, the power-
down controller 611 of the system service controller 680 will
enable save operations at each one of the NVDIMMs
631-633 by asserting appropriate signals at the ports
SAVE1-SAVE3. However, the timing as to when the power-
down controller 611 asserts a signal to initiate their respec-
tive save operations can vary amongst the NVDIMMs
631-633. Thus, the power down controller 611 of system
service controller 680 can stagger when saves operation are
initiated at the NVDIMMs 630-632 by independently con-
trolling when information is transmitted over the various
SAVE ports to their respective NVDIMMs 630-631. While
the embodiment of system 600, does not require rate control
logic at the NVDIMMs to control the rate of heat generation,
as previously described, it will be appreciated that both the
thermal throttling technique described below, and the rate
control technique previously described can be used together.

FIG. 7 illustrates an embodiment of a memory module
power-down (MMPD) controller 711 that can include some
or all of the features of power-down controller 611 of FIG.
6. MMPD controller 711 can receive an indicator (PC_EN)
from the system service controller 680 that indicates the
NVDIMMs 630-632 are to be powered down. As will be
discussed in greater detail below, MMPD controller 711 can
also receive THERMAL INFORMATION that indicates a
thermal characteristic of the information processing system
600, such as a temperature of an NVDIMM or a processing
complex, that can be used by a thermal based timing
controller 722 to determine a delay between when requests
are sent to the NVDIMMs to initiate their respective save
operations to ensure proper thermal conditions. MMPD
controller 711 can also receive POWER INFORMATION
that indicates a power characteristic of the information
processing system 600 that can be used a power/energy
based timing controller to determine when requests to ini-
tiate save operations are sent to ensure power requirements
are maintained. MMPD controller 711 further includes a
save signal controller 727 that provides a plurality of save
signals, labeled SAVE1, SAVE2, and SAVE3. By way of
example, each one of the signals SAVE1-SAVE3 is pre-
sumed to conform to the JEDEC three-pulse SAVE. Thus,
each one of SAVEI-SAVE3 will provided a first pulse/
indicator to indicate to its corresponding NVDIMM of an
impending save operation, a second pulse/indicator to indi-
cate when its RAM is in self-refresh, and a third pulse/
indicator to indicate the save operation is to be initiates.

Thus, a first pulse is provided to each one of SAVEI-
SAVE3 in response to MMPD controller 711 receiving the
power down indicator, PD_EN. According to an embodi-
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ment, the first pulse can be generated at each one of the save
signals SAVE1-SAVE3 at the same time. The second pulse,
which indicates to an NVDIMM that it is in self-refresh
mode, can be generated at each one of the save signals
SAVE1-SAVE2 at the same time or at different times. For
example, the each of the second pulses can be generated at
the same time that is based upon an amount of that is known
to be sufficiently long after the processors of a system have
been notified of a power failure to ensure the various
processors of the system have placed their NVDIMMSs in
self-refresh mode. Alternatively, the processors of the sys-
tem can affirmatively communicate with the system service
controller 680, such as via the 12C bus, to indicate when
their corresponding NVDIMMs have been placed in self-
refresh mode, and in response, the second pulse specific to
that NVDIMM will be generated by MMPD controller save
signal controller 727. The third pulse of each of signals
SAVE1-SAVE can be generated at the same or different
times based upon various power/energy and thermal con-
siderations as described in greater detail below.

The illustrated embodiment of MMPD controller 711
includes a power/energy based timing controller 721, a
thermal based timing controller 722, and a save signal
controller operation timing controller 727. The save signal
controller 727 generates save operation indicators, e.g., the
third pulse of the JEDEC three-pulse save, based upon
information received from the thermal based timing con-
troller 722, and the power/energy based timing controller
721. The power/energy based timing controller 721 uses the
power information to determine whether initiation of
NVDIMM save operations needs to be delayed or staggered,
and provides timing information indicative of such delays
and staggering to the save signal controller 727. For
example, based on the POWER INFORMATION, the
power/energy based timing controller can indicate that the
NVDIMMs cannot initiate their save operations for a spe-
cific amount of time due to a power requirement of another
portion of the system that is independent of the NVDIMMs.
For example, as discussed in greater detail below, the power
needed to prepare a fan subsystem of the system 600 can
necessitate delaying each NVDIMMs’ save operation. The
power/energy based timing controller can also determine,
based on the power information, whether there is sufficient
power to simultaneously enable the save operations of some
or all of the NVDIMMs.

The thermal based timing controller 722 can determine,
based upon the THERMAL INFORMATION, when each of
the NVDIMMs can begin their save operation without
overheating the system 600. For example, the thermal based
timing controller may determine there is an initial period of
time during which the heat present in a system after a power
failure is too high to support any NVDIMM initiating its
save operation, and a corresponding delay indicator can be
provided to the save signal controller indicative of this
period of time. The thermal controller may also determine
that initiation of the NVDIMM save operations needs to be
staggered to avoid generating heat a rate that would cause
the system to overheat, and provide appropriate timing
information to the save signal controller 727. If a timing
parameter provided by the thermal based timing controller
721 is more stringent than a corresponding parameter pro-
vided by the power based timing controller 721, the more
stringent parameter from the thermal based timing controller
will be used by the save operation timing controller 727 to
ensure proper thermal operation.

FIG. 8 illustrates a save operation timing controller 827
that can be an embodiment of the save operation timing
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controller 727 of FIG. 7. Save operation timing controller
827 includes a save operation start monitor 828 that can
correspond to an embodiment of the save operation timing
controller 728, a save signal generator 812, a plurality of
registers 810, labeled SO_START_1, SO_START_2, and
SO_START_3, that one-to-one correspond to the
NVDIMMs 630-633 of FIG. 6, and other registers 810.
According to the illustrated embodiment, the save signal
generator 812 receives signal PD_EN, REFRESH, SO1_EN,
SO2_EN, AND SO3_EN, and provides the signals SAVE1-
SAVE3. The save signal generator 812 will generate the first
pulse of the JEDEC three-pulse SAVE N signal simultane-
ously at each of the signals SAVE1-SAVE3 in response to
receiving an asserted PD_EN indicator, which indicates a
power down condition is occurring. The save signal genera-
tor 812 will generate the second pulse of the JEDEC
three-pulse SAVE N signal simultaneously at each of the
signals SAVE1-SAVE3 in response to receiving an asserted
REFRESH indicator, which indicates each of the
NVDIMMs are in self-refresh mode. The save signal gen-
erator 812 will generate the third pulse of the JEDEC
three-pulse save at the SAVE1-SAVE?2 signals in response to
receiving asserted SO1-EN-SO3 EN indicators, respec-
tively. Thus, in the illustrated embodiment, the save opera-
tions of each of the NVDIMMSs 630-632 can be initiated
independent of each other based upon when the third pulse
is provided.

According to an embodiment, each one of the plurality of
registers 810 can include a time indicator that is used by the
save operation start monitor 820 to determine when to assert
signals SO1_EN-SO3_EN. The value stored at each register
can be based upon the most restrictive timing information
received from the power based timing controller 721 and the
thermal based timing controller 722. For example, assuming
power based delay times are initially stored at registers 810,
in response to receiving a thermal based delay time from
timing controller 722, the save operation timing controller
727 will maintain the power-based delay time at register
SO_START_1, if the thermal based delay time received
from the thermal based timing controller 722 is shorter than
the stored delay time. Conversely, the save operation timing
controller 727 will replace the power based delay time
stored at register SO_START _1 if the delay time received
from the thermal based timing controller 722 is greater than
the stored delay time. Timing values are similarly stored at
registers SO_START_2 and SO_START_3. Likewise, the
more respective stagger time, e.g., the delay between the
times stored at SO_START_1-SO_START 3 will be main-
tained.

According to an embodiment, the save operation start
monitor 828 compares a clock value, represented by the
SYSTEM INDICATOR signal, to the timing value stored at
SO_START_1, and asserts the signal SO1_EN to initiate the
save operation at NVDIMM 631 when the value stored at
SO_START_1 is reached. Similarly, when the clock value
matches the timing value stored at SO_START_2, the signal
SO2_EN will be asserted and provided to NVDIMM 632 to
initiate the save operation at NVDIMM 632. When the clock
value matches the timing value stored at SO_START_3, the
signal SO3_EN will be asserted and provided to NVDIMM
633 to initiate the save operation at NVDIMM 633.

FIG. 9 illustrates a timing diagram including waveforms
for the save operation enable signals SO1_EN-SO_EN3 of
FIG. 8, from which the third-pulse of the JEDEC three-pulse
save. Assuming that each one of the registers SO_START_1-
SO_START_3 is programmed with a start time indicator
corresponding to a time T1, each one of the start enable
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signals SO1_EN, SO2_EN, and SO3_EN will transition at
time T1 as indicated by the transition edges 852-854 of the
solid line portions of each timing signal. This will result in
the third pulse being generated at each of the signals
SAVE1-SAVE3. If it is instead assumed that SO_START 1
is programmed with a start time indicator of T2, register
SO_START_2 is programmed with a start time indicator of
T3, and register SO_START3 is programmed with a start
time of T1, the transition edge 852 of signal SO1_EN will
occur at time T3, the transition edge 853 will occur at time
T4, and the transition edge 854 will occur at time T2, each
as indicated by the dashed line portion of their respective
timing signal. Thus, there is a delay time 862 between when
NVDIMM 632 and NVDIMM 630 begin their save opera-
tions. Similarly, there is a delay time 863 between when
NVDIMM 832 and NVDIMM 831 begin their save opera-
tions. According to a particular embodiment, the delay times
can be greater than one second, 5 seconds, greater than one
minute, greater than amount of time needed to complete a
save operation by a memory module of the system, and the
like.

According to an embodiment, the delay 862 can be
selected to be sufficiently long to guarantee NVDIMM 633
has completed its save operation before the save operation at
NVDIMM 631 is initiated. Similarly, the delay time stored
at register SO_START_2 can be programmed to a value that
ensures delay time 863 is sufficiently long to guarantee
NVDIMM 631 has completed its save operation before the
save operation at NVDIM 632 is initiated. The information
used to program the registers 810 can be based upon
historical information, guaranteed performance information,
simulated information, and the like. In this example,
enabling of the start operations is performed in a determin-
istic manner. That is, the relative timing of the signals
SO1_EN-SO3_EN is fixed during normal operation, and
therefore not based upon any run time criteria.

In an alternate embodiment, instead of controlling when
save operations are initiated using predetermined timing
information at the registers 810, ordering information can be
saved at the registers SO_START_1-SO_START_3 that
indicates an order in which NVDIMMs are to start their save
operations; and the OTHER register 811 can include a
system criteria indicator that indicates a system criteria, such
as the occurrence of an event that will determine when the
SOn_EN signal of the next NVDIMM is to be executed,
where the order is determined by the ordering information
stored in registers 810. By way of example, it is presumed
that register SO_START _1 has an order indicator of one (1),
register SO_START_2 has an order indicator of two (2), and
register SO_START_3 has an order indicator of three (3). As
such, when a particular system criteria is met, the save
operation start monitor 820 will initially assert the signal
SO1_EN, by virtue of its order indicator being programmed
to one (1), to enable the save operation at NVDIMM 631.
When the particular save criteria is met again, the save
operation start monitor will next assert the signal SO2_EN
to enable the save operation at NVDIMM 632. When the
particular save criteria is met yet again, the save operation
start monitor will assert the signal SO3_EN to enable the
save operation at NVDIMM 633.

The OTHER register 811 can store information that
identifies a system condition corresponding to the particular
save criteria, which when met will cause the next in order of
the signals SO1-EN-SO3_EN to be asserted. By way of
example, it is presumed that OTHER register 811 stores a
temperature threshold, and a SYSTEM INDICATOR is
received at the save operation start monitor 820 (not shown)
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that is a temperature indicator representative of a tempera-
ture of system 600. According to an embodiment, by know-
ing the rate at which heat is dissipated by the system 600,
and by knowing the rate at which an individual NVDIMM
generates heat, a temperature threshold value can be deter-
mined below which another NVDIMM can begin its save
operation, without overheating. This value can be then be
stored at register 811.

Referring to the timing diagram of FIG. 10, a new
temperature indicator is received via the SYSTEM INDI-
CATOR signal at time T1 that is less than or equal to the
temperature indicator stored at OTHER register 811. In
response, the save operation start monitor 820 determines
that the next in-sequence start operation signal to be
asserted. Thus, because register SO_START_1 has an order
indicator of one (1), it’s corresponding signal SO1_EN is
asserted at time T1, represented by the signal edge 952, and
relational arrow 962. Note that for ease of discussion, the
self-refresh enable signals have not been illustrated at FIG.
10.

Subsequent to the save operation being initiated at
NVDIMM 631, the save operation start monitor 820 con-
tinues to monitor the SYSTEM INDICATOR signal to
determine when the system is again below the temperature
specified in the OTHER register 811. Note that there may be
a settling time implemented after assertion of signal
SO1_EN during which no other start signal will be asserted,
to ensure the thermal affects of NVDIMM 630 implement-
ing its save operation can be effectively monitored. Such a
settling time value can also be programmed at OTHER
register 811.

At time T2, the value received via the SYSTEM INDI-
CATOR signal is determined to be less than or equal to the
temperature indicator stored at OTHER register 811. In
response, the save operation start monitor 820 will deter-
mine that the next in-order start operation signal is to be
asserted. Thus, because register SO_START_2 has an order
indicator of two (2), it’s corresponding signal SO2_EN is the
next signal to be asserted at time T2, as represented by the
signal edge 953, and relational arrow 963. At time T3, the
value received via the SYSTEM INDICATOR signal is
determined to be less than or equal to the temperature
indicator stored at OTHER register 811. In response, the
save operation start monitor 820 will determine that the next
in-sequence start operation signal to be asserted. Thus,
because register SO_START_3 has an order indicator of
three (3), it’s corresponding signal SO3_EN is the next
signal to be asserted at time T2, as represented by the signal
edge 943, and relational arrow 964. While not specifically
illustrated, it will be appreciated that groups of NVDIMMs
that are to initiate their save operations simultaneously can
be specified by storing the same order indicator at their
respective register of registers 810.

It will be appreciated that the information represented by
a SYSTEM INDICATOR signal received at the save opera-
tion start monitor 828, and criteria information stored at the
OTHER register 811, can be information other than a
temperature. For example, the information used to determine
when to assert the signals SO_START_1-SO_START_3 can
be current flow information, the rate of temperature change,
and the like. FIG. 11 illustrates an embodiment of an
information handling system 1000 that can delay or stagger
the times at which save operations are initiated at one or
more NVDIMMs based upon a fan characteristic. The
information handling system 1000 includes a BMC 1080, a
fan subsystem 1040, NVDIMMs 1030, and a switch 1051
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that can select whether a system or back-up power source is
providing power to the fan 1040.

During normal operation, the fan subsystem 1040 is
power by the system power and controlled by the fan
controller 1012. The fan subsystem can include circuitry
1041 that can determine and report a characteristic of the fan
subsystem. For example, the circuitry 1041 can monitor and
report the speed of the fan, can include a current detector
used to monitor and report the current of the fan, and the
like. According to an embodiment, in response to a power
failure, the fan subsystem 1040 can be shutdown or powered
by the back-up power source 1051, wherein the control
circuitry 1020 of the power-down controller 1011 provides
information to the fan controller 1012 indicating to the fan
subsystem 1040 that a reduced fan speed should be imple-
mented, that the fan should be shutdown, that power to the
fan should be cut off, and the like. While it is be possible to
cut the power to the fan subsystem 1040, it has been
observed by the inventors that doing so can require addi-
tional circuitry to accommodate the noise associated with
shutting down, and can create additional issues during a
subsequent start-up of the fan subsystems. In addition, it
may be desirable to maintain active cooling using a slower
fan speed during a power failure. According to an embodi-
ment, after requesting a change in fan speed, the power-
down controller can set timers, using registers
SO_START_1-SO_START _3 described at FIG. 8, to deter-
ministically indicate when save operations of the
NVDIMMs are to be initiated. The timers can be set to
expire after a time period during which the speed of the fan
is changing from an initial speed to a target speed, or during
which an amount of current consumed by the fans is known
to be too large to also power the save operations of the
NVDIMMs.

In another embodiment, a characteristic of the fan sub-
system, such as its current draw or its fan’s speed, can be
monitored to determine when to enable save operations at
the NVDIMMs 1030. For example, one or more save
operations can be enabled after the current draw of the fan
subsystem has dropped below a desired threshold, stored at
register OTHER 811, or after the fan speed of a fan of the
fan subsystem 1040 has dropped below a desired amount. It
will be appreciated, that the fan speed information and
current draw information can be provided by the fan sub-
system directly, or by other measurement techniques that are
not part of the fan subsystem. It will be appreciated that
multiple characteristics, such as a fan characteristic and a
temperature characteristic can both be monitored to deter-
mine when to initiate a save operation.

FIG. 12 illustrates a flow chart of an example method
1200 for characterization of the information handling system
to determine various characteristics used to control opera-
tion of the NVDIMMs as previously described. The method
200 can be a portion of a self-test that can be performed by
the information handling system, such as in response to a
start-up condition. In addition to determining energy con-
sideration of the information handing system, the method
1200 can determine various control parameters previously
described. For example, the method 1200 can determine the
XFER RATE value stored at register 261, the time, or order,
of values stored at register 810, the thresholds stored at
register 811, and the like. It will be appreciated, that various
portions of the method 1200 can correspond to portions of
the information handling system that have been previously
described as performing similar functions.

At step 1202, information handling system can boot-up,
such as during power on, and the BIOS may begin power-on
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self-test. A BIOS can include any system, device, or appa-
ratus configured to identify, test, and/or initialize informa-
tion handling resources of an information handling system,
and/or initialize interoperation of information handling sys-
tem with other information handling systems. The term
“BIOS” may broadly refer to any system, device, or appa-
ratus configured to perform such functionality, including
without limitation, a Unified Extensible Firmware Interface
(UEFI). In some embodiments, a BIOS may be implemented
as a program of instructions that may be read by and
executed on a processor to carry out the functionality of the
BIOS. In these and other embodiments, the BIOS may
comprise boot firmware configured to be the first code
executed by a processor when information handling system
is booted and/or powered on. As part of its initialization
functionality, code for the BIOS may be configured to set
components of the information handling system into a
known state, so that one or more applications (e.g., an
operating system or other application programs) stored on
compatible media (e.g., disk drives) may be executed by
processors of the information handling system. In some
embodiments, BIOS 105 can include a management con-
troller that performs timing characterizations for save opera-
tions as previously described. Thus, it will be appreciated
that various operations of the BIOS as described below, are
operations that can be performed by various software and
hardware under control, or at the request, of the BIOS

At step 1204, the BIOS can initialize the NVDIMMs, and
other memory of the information handling system. At step
1206, it is determined if a configuration of the information
handling system has changed since a last characterization. If
the configuration has changed, method 1200 proceeds to
step 1210. Otherwise, if the configuration is unchanged,
method 1200 proceeds to step 1222, where the boot opera-
tion completes and normal operation begins.

At step 1210, information handling resources of informa-
tion handling system are initialized to apply conditions that
can impact timing and thermals of the system during a save
operation. These conditions can emulate a power loss of the
information handling system. At step 1212, the BIOS can
communicate with various portions of the information han-
dling system to emulate the manner in which a power loss
is handled while leaving the information handling system
powered on. For example, a request can be provided to a fan
subsystem of the information handling system to power-
down or operate at a reduced speed that is indicative of
speed during a power-down condition. At step 1214, the
BIOS can initiate a save operation at the NVDIMMs.

At step 1216, management controller 106 records a start-
ing time of a the save operation. At step 1218, management
controller 106 asserts a signal to cause a save operation at
one or more of the NVDIMMs. At step 1220, during the save
operation, the power output the system power supply is
measured. At step 1224 (FIG. 13), a temperature of the
memory module is received from a temperature sensor. The
temperature and power values can be saved for subsequent
analysis. At step 1226, it is determined whether the save
operation has completed. If so, flow proceeds to step 1234,
where it is noted that a thermal failure was not detected and
flow continues at step 1232. Otherwise, if the save operation
has completed at 1226, flow proceeds to step 1228, and it is
determined if the received temperature of the memory
module is greater than a temperature threshold. If not, the
flow returns to step 1224 for further temperature monitoring.
If the received temperature is greater than the threshold
temperature, which can be the maximum temperature, the
maximum temperature and a margin amount, or the like, a
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thermal failure condition is detected and the flow proceeds
to step 1230, where it is noted that thermal failure has been
detected before continuing at step 1232.

At step 1232, the fan-subsystem is restored to its normal
operating condition so that further system characterization
can proceed, and the save operation is allowed to complete,
with the knowledge that a thermal failure was detected at
step 1228 resulting in the fan being turned on prior to
completion of the save operation to prevent failure of the
memory module.

Flow proceeds from step 1232 to step 1238 (FIG. 14),
wherein the characterization records an ending time for the
save operation. At step 1240, the management controller
may calculate the energy required to perform a save opera-
tion, including flushing of dirty cache lines to volatile
memory of a memory module before transfer of data from
the volatile memory to non-volatile memory of the memory
module. For example, such energy may be given by
B, oc=NXP_ . X(t,,,./~tsar)> Where E_,  is the energy asso-
ciated with saving information from the processing complex
during power-down, N is a constant based on a fraction of
the memory on which the save operation was executed (e.g.,
N=1 save operation executed for the entire memory, N=4 if
save operation was executed on one-fourth of cache lines
flushed), t,,, is the end time, and t,,,,, is the start time. At
step 1242, it is determined whether the energy E_,,. is
smaller than a hold-up energy E,;,,, available from the
back-up power system. For example, if the back-up power
system represents a capacitor, the available hold-up time
may be given by E,,;.,,=C (V.= ,.,)/2 where C is a
capacitance of energy storage device 116, V, . equals a
voltage of the energy storage device capacitor when fully
charged, and V,,, equals the voltage of such capacitor at the
end of the hold-up period when it is no longer able to provide
energy (which, in some embodiments, may be equal to zero).
If the available hold-up energy exceeds the energy E_, .
needed to perform the save operation, there is sufficient
energy to complete the save operation, and method 200
proceeds to step 1248 where analysis of the thermal infor-
mation begins. Otherwise, if the energy E_, , exceeds the
hold-up energy E,;, ., there is an error due to insufficient
energy to complete the save operation, and method 200
proceeds to step 1244.

At step 1244, in response to a determination that there is
insufficient energy available, it is determined if the infor-
mation handling system can be reconfigured to reduce the
energy E_  _ needed to perform save operations. Reconfigu-
ration may include modifications to reduce cache flush
times, including without limitation (1) modification of write-
back cache size, (2) modification of allowable memory
modes (e.g., allowable error correction code modes), (3)
reduced throttling levels of information handling resources
of information handling system precluding NVDIMMs from
being used, staggering when save operations of NVDIMMs
occur, and/or other reconfigurations. Reconfiguration may
also include modifications that control when save operations
are performed at each one of the NVDIMMs as previously
described. According to an embodiment, the NVDIMMs of
a system can be partitioned into groups of NVDIMMs, as
each group is assigned a different time at which its members
initiate their save operation. If the information handling
system can be reconfigured to reduce the energy needed to
perform save operations, the flow proceeds to step 1254.
Otherwise, method 200 may proceed to step 1246. At step
1246, in response determining that information handling
system can not be reconfigured to reduce the energy needed
to perform save operations, an alert is provided to notify a
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user of information handling system that information han-
dling system will not support some or all of the NVDIMMs
due to likely thermal failure of an NVDIMM. After comple-
tion of step 1246, method 200 may proceed to step 1222
(FIG. 12).

At step 1254, in response to determining that information
handling system can be reconfigured to reduce the required
save energy, the information handling system is reconfig-
ured, or information is stored that will be used to reconfigure
the information handling system during a subsequent char-
acterization or start-up. After completion of step 1254,
method 200 may proceed again to step 1210 (FIG. 12) to
verify this configuration.

At step 1222 (FIG. 12), in response to reconfiguration
having not changed, information handling system may finish
booting and continue normal operation. In the event of a
power event, power management components (e.g., man-
agement controller 106, PSU 110) of information handling
system may perform save operations in accordance with the
most-recent non-volatile memory timing characterization
operation. After completion of step 1222, method 200 may
end.

If at step 1242 (FIG. 14), it is determined that that there
is enough energy to complete the save operations, flow
proceeds to step 1248, where it is determined whether a
thermal failure occurred, as can be recorded as described at
step 1234 or step 1230. If the thermal failure has not
occurred, flow proceeds to step 1222 (FIG. 12. Otherwise, if
a thermal failure did occur, flow proceeds to step 1250. At
step 1250, the temperature information collected during
execution of method 1200 is analyzed to determine the
amount of thermal reduction needed, and saves configura-
tion information to effectuate this reduction in temperature
for subsequent use. For example, based upon the needed
temperature reduction, it can be determined when a delay
between when save operations of different NVDIMMs are to
be initiated, which can be stored at registers 810 and 811.
Alternatively, it can be determined that once the current
being consumed by the fan subsystem is reduced to below a
threshold, one or more save operations can be implemented,
wherein order and threshold information can be stored at
registers 810 and 811 as previously described. Similarly,
registers 810 and 811 can be programmed with temperature
information that can be used to determine when to enable
one or more NVDIMM save operations. In another embodi-
ment, a temperature to be stored at register 261 of FIG. 2 that
will prevent overheating can be saved, and subsequently
used.

It will be appreciated that method 1200 is general in
nature, and that other steps can be included, and that the
listed steps can be accomplished using varying means. For
example, the techniques can be applied to only a portion of
an information handling system. Alternatively, to reduce
wear on cells of non-volatile memory of the NVDIMMs or
to prevent overwriting of recovery data already stored within
non-volatile memory, the save operation may comprise a
“virtual” save operation, whereby a save operation may be
emulated by taking all steps necessary to accomplish a save
operation other than the actual writing of data to cells of
non-volatile memory of the NVDIMMs. If completion time
may vary when writing to non-volatile memory, memory the
NVDIMMs may provide timing acknowledgements that
statistically correspond to the timing variations that would
be observed when performing actual physical writes. In
these and other embodiments, such “virtual” save operation
may also include performing a save operation on a fraction
of memory, and extrapolating energy required for a complete
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save operation for the entire memory capacity of memory
based on the save operation on the fraction of memory. As
a specific example, one-fourth of memory may be trans-
ferred from volatile memory to non-volatile memory of the
NVDIMMs, and the overall energy needed to perform a save
operation on all of memory may be estimated as four times
that needed to perform the save operation with respect to
such one-fourth of memory 104.

FIG. 15 illustrates a general information handling system
1500 that can include some or all of the memory module
features described herein in the context of a system includ-
ing an NVDIMM. System 1500 includes a processor 1502,
amemory 1504, a northbridge/chipset 1506, a PCI bus 1508,
a universal serial bus (USB) controller 1510, a USB 1512,
a keyboard device controller 1514, a mouse device control-
ler 1516, an ATA bus controller 1520, an ATA bus 1522, a
hard drive device controller 1524, a compact disk read only
memory (CD ROM) device controller 1526, a video graph-
ics array (VGA) device controller 1530, a network interface
controller (NIC) 1540, a wireless local area network
(WLAN) controller 1550, a serial peripheral interface (SPI)
bus 1560, a NVRAM 1570 that can store BIOS 1572, and a
baseboard management controller (BMC) 1580, which can
itself be part of a system service controller as previously
described. Either of memory 1504 or NVRAM 1570, or any
other memories, can be implemented as an NVDIMM as
described herein. BMC 1580 can be referred to as a service
processor or embedded controller (EC). Capabilities and
functions provided by BMC 1580 can vary considerably
based on the type of information handling system. For
example, the term baseboard management system is often
used to describe an embedded processor included at a server,
while an embedded controller is more likely to be found in
a consumer-level device. As disclosed herein, BMC 1580
represents a processing device different from CPU 1502,
which provides various management functions for informa-
tion handling system 1500. For example, an embedded
controller may be responsible for power management, cool-
ing management, remote server management, error han-
dling, and the like. An embedded controller included at a
data storage system can be referred to as a storage enclosure
processor.

For purpose of this disclosure information handling sys-
tem 1500 can include any instrumentality or aggregate of
instrumentalities operable to compute, classify, process,
transmit, receive, retrieve, originate, switch, store, display,
manifest, detect, record, reproduce, handle, or utilize any
form of information, intelligence, or data for business,
scientific, control, entertainment, or other purposes. For
example, information handling system 1500 can be portions
of a server, a personal computer, a laptop computer, a smart
phone, a tablet device or other consumer electronic device,
a network server, a network storage device, a switch, a
router, or another network communication device, or any
other suitable device and may vary in size, shape, perfor-
mance, functionality, and price. Further, information han-
dling system 1500 can include processing resources for
executing machine-executable code, such as CPU 1502, a
programmable logic array (PLA), an embedded device such
as a System-on-a-Chip (SoC), or other control logic hard-
ware. Information handling system 1500 can also include
one or more computer-readable medium for storing
machine-executable code, such as software or data.

System 1500 can include additional processors that are
configured to provide localized or specific control functions,
such as a battery management controller. Bus 1560 can
include one or more busses, including a SPI bus, an 12C bus,
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a system management bus (SMBUS), a power management
bus (PMBUS), and the like. BMC 1580 can be configured to
provide out-of-band access to devices at information han-
dling system 1500. As used herein, out-of-band access
herein refers to operations performed prior to execution of
BIOS 1572 by processor 1502 to initialize operation of
system 1500.

BIOS 1572 can be referred to as a firmware image, and the
term BIOS is herein used interchangeably with the term
firmware image, or simply firmware. BIOS 1572 includes
instructions executable by CPU 1502 to initialize and test
the hardware components of system 1500, and to load a boot
loader or an operating system (OS) from a mass storage
device. BIOS 1572 additionally provides an abstraction
layer for the hardware, such as a consistent way for appli-
cation programs and operating systems to interact with the
keyboard, display, and other input/output devices. When
power is first applied to information handling system 1500,
the system begins a sequence of initialization procedures.
During the initialization sequence, also referred to as a boot
sequence, components of system 1500 are configured and
enabled for operation, and device drivers can be installed.
Device drivers provide an interface through which other
components of the system 1500 can communicate with a
corresponding device.

Information handling system 1500 can include additional
components and additional busses, not shown for clarity. For
example, system 1500 can include multiple processor cores,
audio devices, and the like. While a particular arrangement
of'bus technologies and interconnections is illustrated for the
purpose of example, one of skill will appreciate that the
techniques disclosed herein are applicable to other system
architectures. System 1500 can include multiple CPUs and
redundant bus controllers. One or more components can be
integrated together. For example, portions of northbridge/
chipset 1506 can be integrated within CPU 1502. Additional
components of information handling system 1500 can
include one or more storage devices that can store machine-
executable code, one or more communications ports for
communicating with external devices, and various input and
output (I/O) devices, such as a keyboard, a mouse, and a
video display. An example of information handling system
1500 includes a multi-tenant chassis system where groups of
tenants (users) share a common chassis, and each of the
tenants has a unique set of resources assigned to them. The
resources can include blade servers of the chassis, input/
output (I/O) modules, Peripheral Component Interconnect-
Express (PCle) cards, storage controllers, and the like.

Information handling system 1500 can include a set of
instructions that can be executed to cause the information
handling system to perform any one or more of the methods
or computer based functions disclosed herein. The informa-
tion handling system 1500 may operate as a standalone
device or may be connected to other computer systems or
peripheral devices, such as by a network.

In a networked deployment, the information handling
system 1500 may operate in the capacity of a server or as a
client user computer in a server-client user network envi-
ronment, or as a peer computer system in a peer-to-peer (or
distributed) network environment. The information handling
system 1500 can also be implemented as or incorporated
into various devices, such as a personal computer (PC), a
tablet PC, a set-top box (STB), a personal digital assistant
(PDA), a mobile device, a palmtop computer, a laptop
computer, a desktop computer, a communications device, a
wireless telephone, a land-line telephone, a control system,
a camera, a scanner, a facsimile machine, a printer, a pager,
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a personal trusted device, a web appliance, a network router,
switch or bridge, or any other machine capable of executing
a set of instructions (sequential or otherwise) that specify
actions to be taken by that machine. In a particular embodi-
ment, the computer system 1500 can be implemented using
electronic devices that provide voice, video or data commu-
nication. Further, while a single information handling sys-
tem 1500 is illustrated, the term “system” shall also be taken
to include any collection of systems or sub-systems that
individually or jointly execute a set, or multiple sets, of
instructions to perform one or more computer functions.

The information handling system 1500 can include a disk
drive unit and may include a computer-readable medium,
not shown in FIG. 15, in which one or more sets of
instructions, such as software, can be embedded. Further, the
instructions may embody one or more of the methods or
logic as described herein. In a particular embodiment, the
instructions may reside completely, or at least partially,
within system memory 1504 or another memory included at
system 1500, and/or within the processor 1502 during
execution by the information handling system 1500. The
system memory 1504 and the processor 1502 also may
include computer-readable media.

In an alternative embodiment, dedicated hardware imple-
mentations such as application specific integrated circuits,
programmable logic arrays and other hardware devices can
be constructed to implement one or more of the methods
described herein. Applications that may include the appara-
tus and systems of various embodiments can broadly include
a variety of electronic and computer systems. One or more
embodiments described herein may implement functions
using two or more specific interconnected hardware modules
or devices with related control and data signals that can be
communicated between and through the modules, or as
portions of an application-specific integrated circuit.
Accordingly, the present system encompasses software,
firmware, and hardware implementations.

The interface/mode controller can receive and provide
information to a motherboard, for example processing com-
plex 110. Information from the motherboard can be stored at
programmable storage locations of the NVDIMM 130, such
as at register 261. The term “programmable” as used herein
in the context of a storage location of an NVDIMM is
intended to refer to the fact that the storage location can be
locally or externally programmed. The term “locally pro-
grammable”, and its variants, as used herein in the context
of a storage location of an NVDIMM is intended to refer to
the fact that the storage location can be written from a
resource of the NVDIMM. For example, if values can be
stored at register 261 by the NVM save controller 210,
register 261 would be considered locally programmable.
The term “externally programmable”, and its variants, as
used herein in the context of a storage location of an
NVDIMM is intended to refer to the fact that the storage
location can be written to from a resource external the
NVDIMM. For example, if values can be stored at register
261 by a motherboard via the 12C bus, it would be consid-
ered externally programmable.

It will be appreciated that while the NVDIMM ports and
busses between the processing complexes and NVDIMMs
as described herein as having separate control and memory
buses, in an alternate embodiment, various disclosed aspects
can be implemented without a control bus. For example,
instead of enabling thermal throttling and setting a desired
transfer rate over a control bus, a portion of the DRAM 134
could be dedicated to storing such an enable indicator and
transfer rate. With respect to FIG. 3, it will be appreciated
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that instead of having three separate NVDIMM ports 624-
626, the NVDIMMSs 631-633 can share a common memory
bus while maintaining separate SAVE and ALERT ports.

While the various embodiments described herein have
been described in the context of receiving a power-down
indicator. According to an embodiment, the manner in which
the NVDIMMs are powered down is the same regardless of
the source of the power-down indicator. For example, a user
requested shutdown and a power loss condition can be
handled in the same manner. Alternatively, the manner in
which the NVDIMMs are powered down can vary based
upon the source of the power-down indicator. For example,
the various described embodiments can be used in response
to a power-down request based upon a power failure con-
dition being detected, during which there are limited system
resources, such as cooling. Other sources of power-down
requests that are not constrained by thermal generation, due
to the full availability of system cooling for example, can be
implemented without using the various thermal reduction
techniques described herein. For example, the save opera-
tions can occur at all NVDIMMs at their full data rate.

In accordance with various embodiments of the present
disclosure, the methods described herein may be imple-
mented by software programs executable by a computer
system. Further, in an exemplary, non-limited embodiment,
implementations can include distributed processing, com-
ponent/object distributed processing, and parallel process-
ing. Alternatively, virtual computer system processing can
be constructed to implement one or more of the methods or
functionality as described herein.

While the computer-readable medium is shown to be a
single medium, the term “computer-readable medium”
includes a single medium or multiple media, such as a
centralized or distributed database, and/or associated caches
and servers that store one or more sets of instructions. The
term “computer-readable medium” shall also include any
medium that is capable of storing, encoding or carrying a set
of instructions for execution by a processor or that cause a
computer system to perform any one or more of the methods
or operations

Further, the computer-readable medium can be a random
access memory or other volatile re-writable memory. Addi-
tionally, the computer-readable medium can include a mag-
neto-optical or optical medium, such as a disk or tapes or
other storage device to store information received via carrier
wave signals such as a signal communicated over a trans-
mission medium. A digital file attachment to an e-mail or
other self-contained information archive or set of archives
may be considered a distribution medium that is equivalent
to a tangible storage medium. Accordingly, the disclosure is
considered to include any one or more of a computer-
readable medium or a distribution medium and other equiva-
lents and successor media, in which data or instructions may
be stored.

Although only a few exemplary embodiments have been
described in detail above, those skilled in the art will readily
appreciate that many modifications are possible in the exem-
plary embodiments without materially departing from the
novel teachings and advantages of the embodiments of the
present disclosure. Accordingly, all such modifications are
intended to be included within the scope of the embodiments
of the present disclosure as defined in the following claims.
In the claims, means-plus-function clauses are intended to
cover the structures described herein as performing the
recited function and not only structural equivalents, but also
equivalent structures.
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The term “programmable” as used herein in the context of
a storage location of an NVDIMM is intended to refer to the
fact that the storage location can be locally or externally
programmed. The term “locally programmable”, and its
variants, as used herein in the context of a storage location
of'a memory module, such as and NVDIMM, is intended to
refer to the fact that the storage location can be written from
a resource of the memory module. For example, if values
can be stored at register 261 by the NVM save controller
210, register 261 would be considered locally program-
mable. The term “externally programmable”; and its vari-
ants, as used herein in the context of a storage location of a
memory module is intended to refer to the fact that the
storage location can be written t from a resource external the
memory module. For example, if values can be stored at
register 261 by a master, such as processing complex 110, it
would be considered externally programmable.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover any and all such modifications, enhance-
ments, and other embodiments that fall within the scope of
the present disclosure. Thus, to the maximum extent allowed
by law, the scope of the present disclosure is to be deter-
mined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. An information handling system comprising:

a memory port to interface with a master device;

a control port to interface with a controller; and

a plurality of non-volatile dual in-line memory modules
(NVDIMMs) wherein each one of the NVDIMMs
includes:

a volatile memory to be accessed by the master device
via the memory port;

a non-volatile memory; and

a control module coupled to the control port, to the
volatile memory, and to the non-volatile memory, the
control module including an NVDIMM save con-
troller configured to execute a save operation to
transfer at least all modified information of the
volatile memory to the non-volatile memory,
wherein the save operation is triggered by a stag-
gered assertion of a third pulse in each one of the
NVDIMMs, wherein the staggered assertion of the
third pulse of a three pulse save signal generates a
different starting time of the save operation in each
one of the NVDIMMSs, and wherein the different
starting time of the save operation in each one of the
NVDIMMs is based upon a corresponding amount
of delay time that is generated upon a reconfiguration
of the information handling system due to an energy
reduction or a thermal reduction.

2. The information handling system of claim 1, further
comprising for a first NVDIMM of the plurality of
NVDIMMs:

a temperature sensor to provide a temperature indicator
indicative of a temperature at a location of the first
NVDIMM; and

the NVDIMM save controller including a transfer control
circuitry coupled to the temperature sensor and to a first
register, the transfer control circuitry to program a
transfer rate indicator at the first register to a value
based upon the temperature indicator.

3. The information handling system of claim 2, wherein

for the first NVDIMM the transfer control circuitry updates
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the transfer rate indicator based upon the temperature indi-
cator during the save operation.

4. The information handling system of claim 3, wherein
for the first NVDIMM the transfer control circuitry updates
the transfer rate indicator periodically based upon a period
indicator stored at a second register of the NVDIMM save
controller.

5. The information handling system of claim 1, wherein
for a first NVDIMM of the plurality of NVDIMMs the delay
time includes whichever is longer between a power based
delay time and a thermal based delay time.

6. The information handling system of claim 5, further
comprising a save operation start monitor configured to
compare a clock value with a stored value of whichever is
longer between the power based delay time and the thermal
based delay time for the first NVDIMM, wherein the third
pulse is asserted in the NVDIMM when the stored value of
whichever is longer between the power based delay time and
the thermal based delay time for the first NDVIMM is
reached.

7. The information handling system of claim 1, wherein
the staggered assertion of the third pulse is based upon an
order information stored in a register.

8. The information handling system of claim 1, wherein
the three pulse save signal includes a first pulse that is
asserted simultaneously at each one of the NVDIMMs.

9. The information handling system of claim 8, wherein
the first pulse is generated in response to receiving an
indication of an occurring power down condition.

10. The information handling system of claim 1, wherein
the three pulse save signal includes a second pulse that is
asserted to isolate each one of the NVDIMMs from a
memory controller of the master device.

11. A method comprising:

receiving a three pulse save signal at a port of each one of

a plurality of memory modules, the three pulse save
signal including a first pulse, a second pulse, and a third
pulse; and

initiating, by a memory module save controller in each

one of the memory modules, a save operation based
upon the received third pulse, wherein

the save operation transfers information stored at a vola-

tile memory to a non-volatile memory of each one of
the memory modules, wherein a staggered assertion of
the third pulse in each one of the memory modules
generates a different starting time of the save operation
in each one of the memory modules, and wherein the
different starting time of the save operation in each one
of the memory modules is based upon a corresponding
amount of delay time that is generated upon a system
reconfiguration due to an energy reduction or a thermal
reduction.

12. The method of claim 11, further comprising for a first
memory module of the plurality of memory modules:

receiving, by a first register, a temperature indicator from

a temperature sensor of the first memory module; and

determining a transfer rate indicator to be stored in a

second register based upon the temperature indicator.

13. The method of claim 12, wherein the transfer rate
indicator is determined at the first memory module.
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14. The method of claim 12, further comprising: repeat-
edly receiving temperature indicators and determining trans-
fer rates based on the temperature indicators during the save
operation of the first memory module.

15. The method of claim 11, wherein the assertion of the
third pulse is based upon whichever is longer between a
power based delay time and a thermal based delay time for
each one of the memory modules.

16. The method of claim 11, further comprising: receiving
simultaneously of the first pulse by each one of the memory
modules, wherein the first pulse is asserted in response to an
indication of an occurring power down condition.

17. The method of claim 11, further comprising:

powering a first memory module of the plurality of

memory modules via a first power terminal of the first
memory module prior to transferring the information,
and powering the first memory module via a second
power terminal during the transferring of information.
18. A method comprising for each memory module of a
plurality of memory modules:
during a first period of time, powering a first communi-
cation path between a memory port of the memory
module and a volatile memory of the memory module
from a first power terminal of the memory module;

transferring information between the memory port and the
volatile memory based upon access requests received at
the memory port during the first period of time;

during a second period of time, after the first period of
time, powering a second communication path between
the volatile memory and a non-volatile memory of the
memory module from a second power terminal of the
memory module while the first communication path is
disabled; and

transferring information from the volatile memory to the

non-volatile memory via the second communication
path, wherein the transferring of information is trig-
gered by a staggered assertion of a third pulse in the
memory module, wherein the staggered assertion of the
third pulse of a three pulse save signal generates a
different starting time of the transferring of information
by each one of the memory modules, and wherein the
different starting time of the transferring of information
by each one of the memory modules is based upon a
corresponding amount of delay time that is generated
upon a system reconfiguration due to an energy reduc-
tion or a thermal reduction.

19. The method of claim 18, further comprising for a first
memory module of the plurality of memory modules:

refreshing the volatile memory of the first memory mod-

ule via the first communication path during the first
period of time; and

refreshing the volatile memory via a portion of the second

communication path during the second period of time.

20. The method of claim 18, further comprising for a first
memory module of a plurality of memory modules: updating
a data rate stored at a programmable register based upon a
temperature indicator of the first memory module during the
second period of time.
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